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the myointi eni ng of erial wall aracteristic
arterildscl €PB8is (Ross R et al., Science, 1990, 248, 35 1009). The
activities of PDGF include, in addition and in particular, the
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20 cell types (Ross R. et al., Proc. Natl. Acad. Sci. USA,
1974, 71, 1207; Kohler N. & Lipton A., Exp. Cell Res.,
1974, 87, 297). It is known that PDGF is produced by a
certain number of cells other than platelets, and that
it is mitogenic with respect to most of the cells
25 derived from the mesenchyma, i.e. blood, muscle, bone
and cartilaginous cells, and also connective tissue
cells (Raines E.W., 1in “Biology of Platelet-Derivated
Growth Factor”, 1993, Westermark, B. and C. Sorg, Ed.
Basel, Kerger, p. 74). Many articles tend also to
30 demonstrate that macrophage-derived PDGF behaves like a
chemotactic and mitogenic agent with respect to smooth
muscle cells, and that it contributes to the myointimal
thickening of arterial walls characteristic of
arteriosclerosis (Ross R. et al., Science, 1990, 248,
35 1009). The activities of PDGF include, in addition and
in particular, the stimulation of granule release by
neutrophilic monocytes (Tzeng D.Y. et al., Blood, 1985,
66, 179), the facilitation of steroid synthesis by
Leydig cells (Risbridger G.P., Mol. Cell, Endocrinol.,



1993, 97, 125), thestimul ati onof neutrophil phagocytosis (WIson E. et
al., Proc. Natl. Acad. Sci. USA, 1987, %ﬁ 2213), the nodul ation of
thronbospondln expressi on and secretion (Nhjak RA et al., J. Biol.
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Ulcer healing, just like cutaneous healing in general,
is a complex phenomenon that requires the coordinated
intervention, over time and in space, of numerous cell
20 types, that can be summarized in three phases: an
inflammation phase,. a proliferation phase and a

remodeling phase.

In the inflammation phase, which is approximately 7
25 days for normal healing, macrophages kill the bacteria,
debride damaged tissues and regenerate the tissues. To
do this, the macrophages secrete collagenases,

cytokines and growth factors.

30 In the course of the proliferation phase, which is from
the 3" day to the 3™ week for normal healing, three
events follow on from one another. The wound fills with
granulation tissue; angiogenesis develops and the wound
becomes covered with epithelial cells. The granulation

35 tissue grows from the edges to the centre. Fibroblasts

abundantly produce collagen type III.

In the course of the remodeling, which is from the 3%

week to 1 or even 2 years, the granulation tissues



mat ure, and the fibroblasts produce | ess collagen. The bl ood vessels
formed during the granulation that are o3f no use are elimnated by
apoptosis. The collagen type IIl is replraced with coll agen type I,
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proteins (J. F. Norton et al, Essential practice of

surgery, Springer, 2003, chapter 7, 77-89).

Chronic wounds such as diabetic foot ulcers, venous

20 ulcers and pressure ulcers have the particularity of
healing very slowly and sometimes incompletely because
the healing process does not take place normally (R.
Lobmann et al., J. of Diabetes and its complications,
2006, 20, 329-335).

25
The healing process 1s in fact a delicate balance

between a process of destruction necessary in order to
eliminate the damage to tissues and the repair process
that results in the formation of new tissues. Proteases
30 and growth factors play an essential role in this
process by regulating this balance. In the case of
chronic wounds, this balance is disturbed in favour of
degradation, therefore these wounds are slow to heal.
Although different types of chronic wounds exist, they
35 are biochemically relatively similar in the sense that
they are characterized by sustained inflammation phases
that result in high 1levels of proteases and thus
decrease growth factor activity (G. Lauer et al. J.
Invest. Dermatol. 115 (2000) 12-18). This growth factor
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15 therefore the formation of new tissues.

This treatment has a limited efficacy (Cullen et al.
The international Jjournal of biochemistry & Cell
Biology 34, 1544-1556, 2002) even though the clinical

20 studies have shown improvements in healing and in the
period of time required for healing (Greenhalgh et al.,
American Journal of pathology, 136, 1235-1246 1990;
Ladin Plastic and Reconstructive Surgery, 105, 1230-
1231 2000; Holloway et al. Wounds, 5/4, 198-206;

25 Mandracchia et al. Clinics in Podiatric Medicine and
Surgery, 18, 189-209 2001; Wieman T.J. American Journal
of Surgery, 176, 74S-79S 1998).

The. Regranex product that contains PDGF-BB, sold by
30 J&J, has demonstrated its efficacy by increasing the
rate of recovery, 1in the patients treated, to 50%
against only 36% for patients who only received
standard  treatment of the wound. Despite this
significant improvement in the treatment of diabetic
35 foot ulcers, it must be noted that only 50% of the
patients experience recovery after a long and expensive
treatment. In the cases of non-recovery, the
consequences can be extremely serious and, in many

cases, result in amputation of the lower limb. It
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25 al. J. Derm. Surg. Onc. 18 (1992) 604-606; D.R. Yager
et al. Wound Rep, Reg. 5 (1997) 23-32. and M. Wlaschek
et al. Br. J. Dermatol. 137 (1997) 646-647). In fact,
growth factors such as PDGF, TGFf or DbFGF are key
elements in the healing process due to their abilities

30 to induce cell migration, proliferation, protein
synthesis and matrix formation and, more generally, due
to the fact that they control the repair process.
However, these growth factors are protein molecules
and, consequently, are sensitive to proteolytic

35 degradation. Several studies show that the degradation
of growth factors such as PDGF is much more rapid when
they are brought into contact with fluids originating
from chronic wounds since they contain high

concentrations of metalloproteinases (D.R. Yager et al.
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as the bond between the arginine at position 79 and the
lysine at position 80, or else the bond between the

20 arginine at position 27 and the arginine at position 28
of the B chain of PDGF.

This proteolytic instability poses a major problem in
the context of obtaining this protein, which 1is

25 produced in a recombinant manner in yeast according to
the method described in US patent No. 4.,845,075.
Specifically, US patent No. 7,084,262 teaches us that
the analysis and purification of PDGF-BB leads to the
production of 21 isoforms resulting from post-

30 translational endoproteolytic cleavages. This great
structural heterogeneity consequently results in a 50%
decrease in the activity ‘of the protein produced by
genetic engineering compared with the intact protein in
mature form.

35
Moreover, recent clinical results by Cardium, according
to a press communiqué dated 14 August 2006

(www.prnewswire.com) on diabetic foot ulcers that have

not recovered after 14 weeks, shows the potential that



a treatment with PDGF-BB can offer. The solution proposed by Cardium
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In the case of diabetic foot ulcer treatment, the final
objective is three-fold:

20
» to accelerate recovery
» to increase the rate of recovery

» to simplify the treatment protocol.

25 There is also the case of venous ulcers and of pressure
ulcers, which are the cause of considerable pain and of

very serious medical complications.

The problem to be solved is therefore essentially that

30 of protecting PDGF on chronic wounds.
Various solutions have been proposed.

US patent 5,905,142 describes a means of remedying
35 these proteolysis problems concerning PDGF by
generating mutants ‘of the protein that have an
increased resistance with respect to proteolytic
attacks, by substituting or by deleting one or more

lysine or arginine amino acids close to the potential
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0. 1% 25 BSA dyeens 20 Mhxd Ur sk Jhese sol utions solve the problems to a
| ar ge e>itent since up to 95% of the protein is found in solution.
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PDGF exhi bits great |nstabllltg wheg it s f.gr%l atﬁg in the form of
a gel for tdffil Sppttcali dBtOrhey gPves 8s°8n exanple, &5 1s in
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pose the prahl i nj i e exi a pged 1farmyl ate
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same time h&PGig ol longdep st abithi tyurfRfessane Bt h6PE taRBR Lt Hat

PDGF i n sol yti;on degrades,due 1@ 130kl agRSSapfhsheans dabé opnat phdpien
neutral pH and that the protein is nore stable a aosllghtlly aci di_¢
pH. The aut Ror LBt h&P, WP BHBFHFRg Sev&red (ﬁ)a}én@ts r 9T a2pd yifer
tlhfat\.hdf)@§ n'@EjSAmﬁ@d kfiﬂ_’l(v !ﬁmti&rt@fztdb.f)nswﬂz%@ F&@lﬁﬂt@.‘g@ﬂsnz @opuéfgrth@t
slightly acidic_pH making it possi t imt the deam dation
reacti on an®r8PE8Ser VPnf adéIG h?{f‘%%gneﬁf?ﬁ? W h Pesg th ?Cl?ee
protein, it pretedssiid eféondolnulsatleittibbe .PIEweveor deheso albtlaiti cas

Formuilation that L5 stabl e from 3 RRAMGeY) Sk BOLIT o UsMhe of
view, given the animal origin of the BSA and the risks

30 related to bovine spongiform encephalopathy.

Another solution proposed by the same authors consists
in adding a more powerful anionic surfactant (SDS),
that makes it possible to maintain the PDGF in
35 solution. Unfortunately, SDS also induces partial
denaturation of the protein, resulting in a loss of
biocactivity. This solution is not therefore

satisfactory for stabilizing the protein.



25 The authors show that it is possible to obtain a storage-stable
formul ation through the addition of a polyner that does not exhibit
any interactions with the protein, with%he proviso that the
fornmulation is maiintained at a slightly acidic pHin order to avoid
30 reactionsIRh&EtE8Gr 4 THL 8ROt ei Hhdy lagsriteas drRveThieneps bEpbAd

is not, howevegst %ﬁtﬂiﬁi@@t oFyGEi BeBibl tdoRs it HBKeabl1pegSiueh t Ot
protect the ro& fait or .agai nst proteol ytic degradations in vivo at
physi ol ogi catS pH-°E8Y Ap&flent N0 §7F1266F whi%chdescriPesPixdF topical

formul ati onsapplibetionm of Taegel , dihe ,aut hgss expl ai rddrgfld,he the
cellul ose derivative.that they_use_is ca | e of stabilizin rowt h
factors ggai Jn%‘fo%pf)g%glrg]r%yl oég -'ED?g - wgggactai vicieifaccﬂm nd@'ﬂ%‘?%ge‘?f
For this, theyodisetshe reswwdrstodtal hed preveédus| yfan EGEomiSating
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wounds at p i.ological, pH There exjsts therefore_a therapeutic
nvant age | RAEIL TS LR hg it o7 ot BBt AGTGr ok Facions Joan  Tong-
particul ar RRGH istabrideéryt.o Ther essee i tautefdncacphown thetcopb@kt iof

a chronic I eat d e._parti t . of
di abetic f\ggs't&u tE:leoﬁ?mggﬁ%qu%hé{q)e{]vgﬁt iaongg{%g%é%oroger&e%%?%gg?%o heatZO
st abi | i Zat i oreusfrafDEFHwiand rekpectthteo phehetnl ior physi cdlable at a
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by devel opi ng @ conpl ex between an anphi philic polyner and a F
The inventi GV e @M Htos & Pehe torHatt oAo8F BOEoRpPeRferdleen

an alrrphi phi |i!rfd%_e(i%1c¥t;]£&fnsandi_@hp@feh ( a{]ﬁaﬁdqfi{,l i @dp@{ﬁff@f- lFéD_GF)s,litgmts_Ly
conpl ex providin rotein with c cal and physjca , ,
Stabi | | zati GFRth PEsPREEAFo dedi et bhs taL oS oF b E8PTjlaton
vitro 300 andeamtdiorn.and a preserving agent that is neutral with
respect to the protein, it is possible to formulate the
PDGF in order to obtain a formulation that is stable

from a pharmaceutical point of view.

25 The authors show that it 1is possible to obtain a
storage-stable formulation through the addition of a
polymer that does not exhibit any interactions with the
protein, with the proviso that the formulation is
maintained at a slightly acidic pH in order to avoid

30 reactions that degrade the protein by deamidation. This
solution 1is not, however, satisfactory since it does
not make it possible to protect the growth factor
against proteolytic degradations in vivo at
physiological pH.

35
In patent WO 97/12601, which describes PDGF
formulations in the form of a gel, the authors explain
that the cellulose derivative that they use is capable

of stabilizing growth factors against a possible loss



The present invention therefore relates to a physically and

chem cally stable, water-soluble, anphi Ehi lic pol ymer-PDG- conpl ex,
characterized in that: 35 the anphi phFI' pol ynmers consist of a
hydr ophi lic golca/merl c ba(%(bone functionalized WI t h hydr ophobi c

substi t uent s° Fydf biphi 199 g ups OZeg6r di hgtt o~ f dhicdi Hge the
general for nl;lda@;ltDP sbiteibadNER Mt tcis1yR and REGb‘eI ng a twndp&tent
chain conpri etween 1 and 1 carbons all'y branched

and/ or unsat ’ra eﬁ?%Zr’rﬁ‘Pl & NP ohd" of XEIE T Hettel?(g\é EE? SEH L ot hAF
and/or S, the stabilityRod&ndHe ¢Eih@l®ﬂenge¢abommadmldeRﬂ@mtcan

fromlOoe F a in t hi_ges 1.de
acar bonate acar E;e;:rnnttel anqg1 Eeﬁgt oe?(ﬁ&{r? ar{:aoamt&r?%, Iighl’gujgﬁailgh a
bei ng i dentigwrged ofheint ¢a} eapefiom snehanst kdrerged amino acids or

metal ions. Here again, this solution makes it possible
to stabilize. the growth factors in the formulation
during the storage of the product, but does not allow a
10 stabilization of these growth factors with respect to
the proteases present in chronic wounds at

physiological pH.

There exists therefore a therapeutic advantage in
15 stabilizing and protecting growth factors, in
particular PDGF, in order to increase its efficacy in
the context of a chronic wound treatment, and more
particularly the treatment of diabetic foot ulcer
wounds. The invention  therefore relates to the
20 stabilization of PDGF with respect to chemical or
physical degradations that may occur at physiological
pH in wvitro and in vivo, by developing a complex

between an amphiphilic polymer and a PDGF.

25 The invention therefore relates to the formation of a
complex between an amphiphilic polymer and a PDGF
(amphiphilic polymer-PDGF), this complex providing the
protein with chemical and physical stabilization with
respect to degradations at physiological pH in vitro

30 and in vivo.

The present invention therefore relates to a physically
and chemically stable,  water-soluble, amphiphilic

polymer-PDGF complex, characterized in that:

35
- the amphiphilic polymers consist of a hydrophilic

polymeric backbone functionalized with hydrophobic
substituents and hydrophilic groups according to the

following general formula:



X being a hydrophilic group that may be: 20- a carboxylate a
sul phate a sul phonate a phosphate a phosphonat e,
25 Y being a hydrophilic group that maylbe: a sul phate a

sul phonat e

a phosphat e 30a phosphonate, Hy being a

hydr ophobi ¢ group that may be: - 12 - a C8 to Cmlinear or branched
al kyl, optional | y—unsatu+at-ed-andl-er—eontai ni ng one or nore

het er oat ons, su¢h as O, NPoiyrBQF a top CL8, lidiedke Or b enched
Y3

al kyl aryl or Saryf=a
containing a hetefro

|
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R and R’ being a bond or a chain comprising
between 1 and 18 carbons, optionally branched
and/or unsaturated comprising one or more

heteroatoms, such as 0, N and/or S,

R and R’ being identical to or different from

one another,

F and F’ being an ester, a thioester, an amide,
a carbonate, a carbamate, an ether, a

thioether, an amine,

F and F’ being identical to or different from

one another,

X being a hydrophilic group that may be:
° a carboxylate

° a sulphate

° a sulphonate

° a phosphate

o a phosphonate,

Y being a hydrophilic group that may be:

o

a sulphate

o

a sulphonate

o

a phosphate

o

a phosphonate,

Hy being a hydrophobic group that may be:



an optionally unsaturated C8 to C30 polycycle, n and o are between 1
and 3, 10 h represents the nolar fraction of hydrophobic unit
relative to a mononeric unit of betweenl®. 01 and 0.5, X
represents the nolar fraction of hgdrophlllc groups 15 relative_to.a

monomeric unit, of bétdeerts0 dfti 2°®, yliRpResefts tHe Il f P&&YiLon

of hydrophilic groups pgkabhuelyo Lalsrmjww aﬁdt/orofccbﬁiamﬁeih@ ane

0.5; 20 -the PDGF is chosen frg t he roup of E at el et -derived
growth factors). | t °Fel"8f&s"f 6508 pPex Stfy r§§t8 effi w'that the

PDG- i s chosen from the drsoup cOnsi 3inagr oforhumaan@bed ecdrityilrrantl or
PDG-s containing two B rhP reI co
charactegized in that ?%gﬁéggﬁi ngﬁﬁgéalgg Theﬁéﬁg %?Fggntggégy?ﬁe

anphi phi l'i c pol yners a@Et@Psﬁllbu@@dtﬁhnangoﬁth@tﬁédaﬁammer or
randomy. Anong the PO&M”@{)&Q&XWQ ﬁnQQBEEQItEQdC? fﬁ’; %Ug c?/fcle,

substituents, nention may, for exanple, be made o yners
and alternatlng copolyners. - 13 - Random copol yner *- anoner

- Mononer - Monosed o MohRenBEtw&BRONMEEnd Mponer - -.  hydr ophobi c
hydrophgglchydrophoblc
h represents the molar fraction of hydrophobic unit

relative to a monomeric unit of between 0.01 and 0.5,

x represents the molar fraction of hydrophilic groups

15 relative to a monomeric unit, of between 0 and 2.0,

y represents the molar fraction of hydrophilic groups

relative to a monomeric unit, of between 0 and 0.5;

20 - the PDGF 1is chosen from the group of PDGFEs
(platelet-derived growth factors).

It relates to a complex characterized in that the PDGF
is chosen from the group consisting of human

25 recombinant PDGFs containing two B chains (rhPDGF-BB).

It relates to a complex characterized in that the PDGF

is PDGE-BB.

30 The substituents of the amphiphilic polymers are
distributed in a controlled manner or randomly. Among
the polymers having a controlled distribution of
substituents, mention may, for example, be made of

block copolymers and alternating copolymers.

35



Bl ock copol yner .-Mnoner -Mnoner -NMononmer -Mononer -Mononer-Mononer
hydr ophobi ¢ hydr ophobi ¢ hydrophobi ¢ Al ternating copol ymer *-NMononer

- Mononer - Mononmer - Mononer - MNonomer -iWohdner -*

hydr ophobi chydr ophobi chydr ophobi ¢ Thus, in one enbodi nent, the

i nvention al so rehgﬁg§“b%m@p anphi philic pol yner- PDGF conpl ex
characterized in 5 that the polyner is chosen from polyners in which
t he substituents are—dVeprs -butcedhet-antoemey—Mononep—gMenopstboti¢nereant—* t he
invention also relates tb an adphiphilic pol ymer - PDGF co be_
characterized in thatVd®heise WFMHPISHhi | i c pol ymer is choé&@h*?ﬁn1

pol yam no acids. In one enbodi nent, the polyam no acids are chosen
fromthe group co &L§$&H%r°f pol ygl ut amat es or pol yaspartates. 15

| noneenbodi nment , t epé1yan1noacidsare honopol ygl ut anat es. I n one
enbodi ment, the pol yarMmonactdsoreer e—Monppot-Y@omeaspdrtoatres Monerone
enbodi nent, the polyaninb acids|ane cdpolyners of aspartate and

gl utamat e. These copdV{ipBel Byprarhahia hkorkpPieck copol ymers or random

copol ynmers. 25

Alternating copolymer

Monomer —Monomer ——Monomer ——Monomer ——Monomer —-Monomer —+

| l l

hydrophobic hydrophobic hydrophobic

*

Thus, in one embodiment, the invention also relates to
an amphiphilic polymer-PDGF complex characterized in
5 that the polymer is chosen from polymers in which the

substituents are distributed randomly.
In one embodiment, the invention also relates to an
amphiphilic polymer-PDGF complex characterized in that

10 the amphiphilic polymer is chosen from polyamino acids.

In one embodiment, the polyamino acids are chosen from

the group consisting of polyglutamates or
polyaspartates.

15
In one embodiment,  the polyamino acids are
homopolyglutamates.

In one embodiment, the polyamino acids are homopoly-

20 aspartates.

In one embodiment, the polyamino acids are copolymers
of aspartate and glutamate. These copolymers are either
block copolymers or random copolymers.

25
In one embodiment, the invention also relates to an



- 14 - anphiphilic polymer-PDG conpl ex characterized in that the
polymer is chosen from pol ysacchari des. I n one enbodi ment, the
pol ysacchari des are chosen from5 the“g?éup consi sting of

hyaluronans,alg$nate , Cchitosans, alacturogans,chondroitinsulphate,
dextrans and®®ePHE6$ES, pOlYWéf“djg)&Fp GPREF ¥ uCHSESCEEREPECs Wt that

cel lul oses 16né upslyosal i zedhvsth debmisposyehcatarides.

car boxynet hyl cel | ul ose. Thegr oupof dext ransconsi st sof dext r ans
functionalized with acids, such as carboxynethyl 15 dextran. I n one
enbodi nent, Imeopel ysdocharinde itshea solubbecHextrdan der vwdtisen from

corresponding, 4o Lara a () el.at, 20BVCRBRSCLL )L OB By oo

represents a pol ysac e chain, “prerer consi &ting Sertés
of gl ucosi dechiriesans MC r eprlezsertsometsiy| carPoxyfirel giwups,suBohate,

represents Nybanzyloethyl epecal boxam de groups, 30 Su represents
sul phate groups (sul phation of the free hydroxyl functions borne by

the glucoside units), a, b and c represent the degree of
substitutionr35(dglrouespeet i vl Viudsdde @RuastMC, Brand-SthuWwids

1) a St'EIOCt Igur‘lgcrteiacgneafl1Izhea(§I 0\%11*:!1) %clisdss,UChsagl’?t: as carboxymethyl-

cellulose.

The group of dextrans consists of dextrans
functionalized with acids, such as carboxymethyl-

15 dextran.

In one embodiment, the polysaccharide is a soluble

dextran derivative corresponding to formula (I) below:
20 DMCaBpSue (I)
in which:

- D represents a polysaccharide chain, preferably

25 consisting of series of glucoside units,
- MC represents methylcarboxylic groups,

- B represents N-benzylmethylenecarboxamide groups,
30

- Su represents sulphate groups (sulphation of the

free hydroxyl functions borne by the glucoside units),

- a, b and c¢ represent the degree of substitution
35 (ds), respectively, of the groups MC, B and Su, with
i) a strictly greater than O0;
ii) b is such that:
either b 1is greater than or equal to 0.3

and ¢ is between 0.1 and 0.5;



either b is greater than or equal to 0.3 and c is between 0.1 and
0.5; - 15 - or bis strictly less than 0.3 and ¢ corresponds to
equation (1) below. ¢ > 8.5 b2 - 5.41-bl3% 6.86(1). 5 These dextran
derivatives of formula (1), and al so the process for preparing them
are described nore gener@Fl yPi nipat 8Rtiappyi chepen WoRD9/ 89734antghese

dextran derivatives of fgrpubapbhisake g[qhgltgl)hy q3l ked 540 DMCBSU and
are considered to be copolyners consi sting of éH and R-OX subunits,

it being possible for Xto be a nethylcarboxyllc (MO, benzyl am de
(B) or sulphate (Su) geomps.TFhys,- & et hyl€ayboxylic (dextran (DMVC)
with a dsgree of substitution (ds) of 0.6 in terns of 15

nmet hyl carboxylic groups contains 0.6 substituted group (R-MJ) and 2.4
hydr oxyl grdD@sséRdéHﬁrapeﬁqﬁumaﬂmwkslﬂﬁtformmhaomé ) gaodi rende  the

has a ”Dlar eSS ?% %%%@ B}gggrggﬁanqﬂ%ﬂgoo %89 Dade?ﬁg he d®"€nore

enbodi nent , n one enbo nent tran
derivatives @erekthbken inonpﬁh@ntonp@@ﬁd§a@ﬂ0horﬁﬁld9%4%9]3¢ whi Blie be

is greater Zp{hadh, Ofc eyt 14050 o§5fokﬂuﬁg'§lqa%%eiyy{¢i f¥§hégﬂ19

one enbodi ment, the dextran derivatives are chosen from the ‘conpounds
of formifa (PYCBFH whneh S sCHREWERASE. &0arke 0CQPOANEEE S| TS bk iR@n

0.1 and 0. 5.04 NRODE %%EDQLHE@tsuﬁﬂﬁlﬂglY§@0Qﬂﬁhkﬁ§§o§éfb9@0§©@ fx omy
the group C%?msﬂnm h§ ca g£g§ffgn?MC?lg£g%%§ mldéﬂ"toigp%ulphate
(Su) group. Thus, a methylcarboxylic dextran (DMC) with

a degree of substitution (ds) of 0.6 in terms of

15 methylcarboxylic groups contains 0.6 substituted group

(R-MC) and 2.4 hydroxyl groups (R-OH), per glucoside

unit.

In one embodiment, D has a molar mass of between 1000
20 and 2 000 000 Da, and in one embodiment, less than

70 000 Da.

In one embodiment, the dextran derivatives are chosen
from the compounds of formula (I) in which b is greater

25 than or equal to 0.35.

In this case, and according to one embodiment, the
dextran derivatives are chosen from the compounds of

formula (I) in which a is between 0.5 and 0.8, and c 1is

30 between 0.1 and 0.5.

In one embodiment, the polysaccharides are chosen from

the group consisting of hyaluronans, alginates and

chitosans.

35
These various polysaccharides may be represented as

follows:



35 - 16 - - 0 galacturonan hyal uronan

or H, carboxynethyl dextran chitosan -116L7 - balginate

*\‘l ]
Q
GOMH 4
HO
OH
O\f\*
- ~im
galacturonan
5
OH OH
0 0
0 O
HO NH
OH /& m
O
hyaluronan
10
Q
RO *
v RO
OR
0O Im
R = H, dextran
R = CH,COOH or H, carboxymethyl dextran
15

chitosan

R = H dextran R = CH2COCH



The pol ysacchari de nay have an average degree of polynerizati on m of
between 10 and 10 000. 10 In one enbodinent, it has an average degree
of polynerization mof between 10 and_SggO" I n anot her enbodi nent, it
has an average degree of polynerization mof between 10 and 500. 15
In one enbodi ment, the invention also relates to an anphiphilic

pol ymer - PDGF conpl ex characterized in that the hydrophobic group Hy
is chosen fromthe group consisting of fatty acids, fatty al cohols,
fatty 20 am nes, benzyl am negypjchol esterol derijyqtives and phenol s.

I n one enbodi ment, thefcthol esterol derivatiye i choiHc acidi In

anot her enbodi nent, th d@ is_@ pha-toc O one N
enbodi nent, the anphi pht c¢ondi n he
invention is reversi'l accordi ng
to the techniques kno fled in the art, or are pyrchased
fromsuppliers such as,” for exanple, Sigma-Aldrich, NOB Corp. or
CarboMer Inc. - 18 - The PDGFs are chosen from human reconbi nant
PDGFs obt.ai ned according to the techni ques known to those skilled in
the art Jr purché%gﬂl?? ™ suppl i ers such as, 5 for exanple, fromthe
conmpani es CGentaur (USA) or Research Di agnostic Inc. (USA). The

denonstrati f h ] an hysiLcal abi_l j zatjon
carried outoﬂﬁgpégﬁ%%%%g§ﬂ%§§§8 iﬂ% en@%&?ng% heawg é&inéﬁgﬁéfg: %Fa
test. for dendmsiieiti ot o9n thechnpttpheni £0 pahgne? - POEF conpl ex
according to the invention, carried out by gel electrophoresis 15(Ce
WMHtXSNH Assay) ; , _

0 In one” " embodiment, it has an average degree of

polymerization m of between 10 and 5000.

In another embodiment, it has an average degree of
polymerization m of between 10 and 500.

15
In one embodiment, the invention also relates to an

amphiphilic polymer-PDGF complex characterized in that
the hydrophobic group Hy is <chosen from the group
consisting of fatty acids, fatty alcohols, fatty

20 amines, benzyl amines, cholesterol derivatives and

phenols.

In one embodiment, the cholesterol derivative is cholic

acid.

25
In another embodiment, the phenol is alpha-tocopherol.
In one embodiment, the amphiphilic polymer-PDGF complex
according to the invention is reversible.

30

The polymers used are synthesized according to the
techniques known to those skilled in the art, or are
purchased from suppliers such as, for example, Sigma-

Aldrich, NOF Corp. or CarboMer Inc.



$ a test for slowi ng down of the enzymatic degradation of an

anmphi philic pol ymer-PDG- conpl ex accordigg_to the invention, carried
out by bringing into contact with a protease; 20 $ a test for

physi cal stabilization of an anphiphilic polymer-PDG conpl ex

accordi ng to the invention at physiological pH, carried out by

SOS- Page. 25'The PReEht i O al GlePF@t at £5CH 0 }&‘hm%fﬁrph?%ﬁ’fﬂli)bn%ﬁynﬁpﬁﬁ@l:

conpl ex chargsterhaed ddtdﬂlﬁ[ngt tPASERE ti@cﬁ@ﬁq@eé omn@mmn%br ath@Be
of the chem cal f‘?% Prg cal stabili za

te
deronst r at | Gcbt FeRT LRl RUBATPRF ISR AUER S Thes¥e8t 2For
30 sl ow Ag dfnm oéx&rhplenzyﬁabmc degr adatipem ileys brdergiang | ntwsxpont act
with a prot d st.fo hy stabilization at
550200 SLEATR L el hel

physi ol ogi ca carrie The test for
denonstration of the conplex carried out by Gel Mbility Shift Assay

s based on e disphaceusntgf ions ader theeflect ghoan slectrig

field. The anionic conplexes mgrate to the anode and t nic
conpl exes areahisipl zadePt o 3R hothrried 1out Afkrer H’ﬁliﬁmlilb@}r t e

protei ngpar eiﬂgylaé}@‘rgﬁrfrg@ e CoPI 1 bR Yg acts08;. onto a PVDF nenbrane and
vi sual i zed by means of ‘an anti body specific for the protein, that is

recogni zed ty a peroxi dase-coupl ed second anti body. The 5 protein
alone migrates ligdtle aesthot fat aﬁémohherawbﬁi No£ongHe&eX amgHi ghelic

anphi philic pol ymer rate t he a e or the cathode dependin on
t he ‘overal | charge 6)(0]8’ cgq‘é)c%e eXt est “FEPTEBWi ng ddwn o

the enzymati c degr adat\nemtmcm,basedrmadvewmttl btat | oal ofe ltdwe napttegre 4 s

of the pgotein after pld Ly, DG~ conpl ex accordi ng
to the ?%ventlon has Gtbeen oug éi}ﬁltjgcocoé? )'|[DV\IIth a protease. A

solution of a prétease BBt (tkgpsi ploehyaot A9psi nofet Ehe | sneddwt o

the solution of conpleey2ndkmetbes ane d§ﬁ1§ﬁ%l@§ﬂlcTh%dl%@ﬂ%d£s
st opped through the addition of an inhibitor specific for the enzyne

(i ndol e, benzani di néPMPHTE FREYTT RS o?OtEEepFBY%PHlPQ t Fek a4l y%lH'd
by pol yacryl ani de gely mleﬂgaeigerftwet&jrs:a(c&DSuFt&g@ prde=dest for
physica% stabili atlon of a P i s based &;bflcatlon of t?e
integrity of the pr&telth B ctfar i ROR bF2 sc?l Lo 461 1 He

anphi philic pol ymer azr@&iu@lb@llmnpbéymame@@d;ﬁngcd)mplm |an/cm1rtdnmg wittch
a solution of PDGF %h%neinq}erg{-i 4 atl ghé/% glr&cgrlot | égggg%gr q%]dton
r Sha enc

in the solution. These two S0l Utl ORS I'ng
for 48 h at anbi ent byefpsr&eges and t hen centrl fuged. The PDG- 30
concentration in each of the solutions is evaluated by SOS-Page.

25 The invention also relates to an amphiphilic polymer-
PDGF complex characterized in that it passes the tests
for demonstration of the <chemical and physical
stabilization, i.e. a test for demonstration of the
complex (Gel Mobility Shift Assay), the test for

30 slowing down of the enzymatic degradation by bringing
into contact with a protease, and the test for physical
stabilization at physiological pH carried out by SDS-
Page.

35 The test for demonstration of the complex carried out
by Gel Mobility Shift Assay 1is based on the
displacement of ions under the effect of an electric
field. The anionic complexes migrate to the anode and

the cationic complexes are displaced to the cathode.



The anmphi philic pol ynmer-PDG conpl ex according to the invention is
formed by solubilizing a PDG- and an 35 ﬁrrphi philic polynmer in an
aqueous sol ution at physiol ogical pH wi tRout usi ng any organic

sol vent that denature.the praotein. The.formation of th

aphi phi 11 ¢ Hor Yer "PEEALABASI o 1% SPBRTahBous “4id dodd TGt T 5ol V¥
any coval entcdgontl beyweehibvheoRDGFaa®d DE- nhbrartee amphvpdiidl tzed by
pol ynmer. Thi ogi-at.l.o I Vi : d t..ar .
essentially GS/ r%p}slﬂofbl%1 %rﬁ%?%ﬁfqﬁg%lnf |\3§?§(§: ?ﬁf@e écté)?;?eolr?s’. e‘Vt‘)hallf‘lels
invention alseco@lhied by eheereriddsef corpd®d ripadne anphiphilyi cThe

pol ymer - BDGh, conpl @X Ac&E dipggtocdde i pventi on, characierized incne
that a PDGF ‘and an anphiphilic’ polc%rrer are brought into contact in
sol ution at R3Ot o§PBRILCFH Whieh OLher amgltiPlebhi e Podtymes i HFAEeS

to conpl et e HdecHemsddat 66N tofe t bt hoaEaHR rRfi dheo@Mphicphb v £a11
pol ynmer - POOP _conpl ex aﬁcordlrggtothelnventlon: 15% a test for
mai nt enance 4% TertiarsPeitet ure of the PDGF, deternined by

circular dichroism $ a test for stability of a PDGFin the
physi ol 881 Al i Eraer Dbt Paot S eebrhd BehBEal R Gy
agitation, tise fpreesshcerof vwalitfsicadtion of the integrity of the
protein after the amphiphilic polymer-PDGF complex
according to the invention has been brought into
contact with a protease. A solution of a protease
15 (trypsin, chymotrypsin, etc.) is added to the solution
of complex and kinetics are determined. The reaction is
stopped through the addition of an inhibitor specific
for the enzyme (indole, benzamidine). The integrity of
the protein is then analysed by polyacrylamide gel

20 electrophoresis (SDS-Page).

The test for physical stabilization of a PDGF is based
on verification of the integrity of the protein by
comparison of a solution of the amphiphilic polymer-
25 PDGF complex according to the invention with a solution
of PDGF alone at pH 7.4, in terms of protein
concentration in the solution. These two solutions are
placed on a shaking bench for 48 h at ambient
temperature and then centrifuged. The PDGF

30 concentration in each of the solutions is evaluated by

SDS-Page.

The amphiphilic polymer-PDGF complex according to the
invention is formed by solubilizing a PDGF and an
35 amphiphilic polymer in an aqueous solution at
physiological pH without using any organic solvent that
may denature the  protein. The formation of the
amphiphilic polymer-PDGF complex is spontaneous and

does not involve any covalent bond between the PDGF and



The invention also relates to an anphiphilicjaol ymer25 EDGE conpl ex
characterized in that the PDGF/ anphi philic polynmer ratio is between
1/5 and 1/5000. In one enbodinent it"'%obétmeen 1/ 100 and 1/5000 30
| n anot her egBodl nme 1S between 1/ and 1/700. The inventi

al so rel atest'c &M fgﬁeldtci cPROMPBET t ik sch%?ﬁBFé?Fi@H ﬁ‘i’”i%tp tace

conpri ses anvaaphiwddit i copody nmer-hEDGE' aﬂ@ﬂple@)saﬁﬂmldjyﬁg hpdtbphobic
i nvention. 3%‘{%2?%%5% thgaaggg& lggrerggélttl on" is intenqe_d to nmean

a conposition can Be’Use “hufan or veteri nary medicine. - 21
- The pharmaceuti cal conp03| tion according to the invention is

pref er ably :TEQ”H%'eh't% %1§&pk8§£té‘9p't' Caéﬁé’”mfelﬁ%g”%f bgg %ﬁawﬁ‘

formof a g a cream a spray, a paste or a patch
t he exci pi enﬂéetﬁmpmﬂ)}llﬂéq d?@riwla@?édPWictoﬁ@J@rmh@‘pﬁ¢ﬁitng to the

pol yner - PDGF; ¢8Rt eXnaccendi-ag ke itRe i nvent LRl S £hopgAras ;&4  an
function of its present ation form according to the general know edge

10 of the sp¥RPRIPRILIG gRCLATEL. THER, WHRERIMe cbAposi cPsfact in

accordi ng tOscbh@ticﬂ:\ie.ﬁltlpﬂﬂyi,i;o]_@gidil@lfpmm of a gel, the latter is,
for exangple, a gel nade from polyners such as car boxyrret hyl cel | ul oses

15(CMCs).,” vi nyl polyners, copolynmers of PEO PPO type,
pol ysacchar i @gss PEQS sdcr ytam desosatr yl@mniide order to complete the

demonstration of the formation of the amphiphilic

polymer-PDGF complex according to the invention:

15 $ a test for maintenance of the tertiary
structure of the PDGF, determined by circular
dichroism;

$ a test for stability of a PDGF in the
amphiphilic polymer-PDGF complex according to

20 the invention at physiological pH under stress.
The stress may be a specific method of

agitation, the presence of salts, etc.

The invention also relates to an amphiphilic polymer-
25 PDGF complex characterized in that the PDGF/amphiphilic
polymer ratio is between 1/5 and 1/5000.

In one embodiment, it is between 1/100 and l/SOQO.
30 In another embodiment, it is between 1/300 and 1/700.

The invention also relates to a therapeutic composition
characterized in that it comprises an amphiphilic
polymer-PDGF complex according to the invention.

35
The term “therapeutic composition” is intended to mean

a composition that can be used in human or veterinary

medicine.



derivatives. O her excipients can be used in this invention in order
20 to adjust the paraneters of the fornul ation, such as a buffer for
adj usting the pH an agent for adjustinglthe isotoni city, preserving
agents such as net hyl pareh droxybenzoate propy

par a- hydr oxybBRzoaR 22 TR cresbFabr pHEMRAS I lohon| sé%ﬁ?%ﬂfﬂf}g oxit@ant the
such as L- IySnﬁen%ohydli@chIpQrelf@&ab&q;coradl Ngorieo § hiei dmvendontopheal
therapeutic conposition haracterized, in hat it.allo an

admi ni strati %fﬁn-g%cﬁ EJPBXItﬁﬁ el Y16 ptf pgﬁle Obf BhGE %?VJ\P’I'h% pr&gdnt
invention alsospebgt ea pastheouse phtah.anphi philic pol ymer- PDGF
conpl ex according to the invention, for the preparation of a

t herapeutic conposition with healing action, for use in the 35
treat nent of Tl cevafune t opi cdle applidicdeings. thaal gy ebat eSormubated

met hod of t h@f@@e%bc dffAtIrENt J %oﬁ%ﬂ@f‘—%G#eE%Fnbﬂé&y dfording 1 50

characterized in that it consists in admnistering, at the site of
treatment, athe 22nveideapeutfc CHASSS tidM c@rrprf‘élil%‘gl@lhe of ‘its

anphi philic ;ppés/mafﬂglf FOFR, EXa BEEPH T tho the igRYRRE10 M EXAMRLES
Exanpl enjré BB/ DMCBSu. conpl ex S}/nt hesi s of sul phated
car boxymet hy? atet}(? r%\?le?rb%lﬁ?‘édlw YR BRhZYt anmi ne ( DMCBSU)

Thus, when the composition according to the invention
is in the form of a gel, the latter is, for example, a
gel made from polymers such as carboxymethylcelluloses
15 (CMCs), vinyl polymers, copolymers of PEO-PPO type,
polysaccharides, PEOs, acrylamides or acrylamide

derivatives.

Other excipients can be used in this invention in order
20 to adjust the parameters of the formulation, such as a
buffer for adjusting the pH, an agent for adjusting the
isotonicity, preserving agents such as methyl para-
hydroxybenzoate, propyl para-hydroxybenzoate, m-cresol
or phenol, or else an anti-oxidant such as L-lysine

25 hydrochloride.

According to the invention, the therapeutic composition
is characterized in that it allows an administration of
approximately 100 pg per ml of PDGF.

30
The present invention also relates to the use of an

amphiphilic polymer-PDGF complex according to the
invention, for the preparation of a therapeutic
composition with healing action, for wuse in the

35 treatment of ulcers by topical application.

It also relates to a method of therapeutic treatment
for human or veterinary use, characterized in that it

consists in administering, at the site of treatment, a



The amphi philic polynmer is synthesized froma carboxynethyl dextran
havi ng a degree of substitution, in ter of carboxynet hyl per
saccharide unit, of 1.0 and an average | ar mass of 40 000 g/ nol.
The 15 benzykgnine iﬁ.grafted onto the acids.of this polynmer, . . _.
accordi ng t 0" 3 EBRTBARLFond S Hod Bt C88EPFﬁ§lPH\Mﬁ¢§ i ATPRLPhilic
presence of powaher-8DGHbktempaerkodinirdéngThe dégr devehtiubstitution,
in ternms of benzylam ne per saccharide unit, is 0.4, determned by 1H
NVR. This 20 polymer is then sul phated with an S03/pyridi ne conpl ex.
The degree ofXB¥bkEPtution, in terns of sul phate per saccharide unit,
is 0.3. Breparation of the PDG--BB/ DMCBSu conplex 25 10 pl of a
solution of PDG~-BB at 0.1 /mM is added to 90 pl of a solution of
DMCBSu at 50E%gMpde TheP BAPMABSBIMVEBRAE 1SS! uti ons are buffered at
pH 7.4 and 300 mOsm This solution is gently stirred for two hours 30

at anbi ent t rature d then stored at 4C. nonstration of fhe
fornationcﬁggP %%Bdghf%£pﬁﬁﬁﬁﬁef’ QﬁYWﬁéﬁgltﬁ@X§6ﬁ%iTﬁ@bfl?ﬂe
PDGF- BB/ DMCBSLE It argat ex1 stesies | brdcBboyve i s | oaded onto an agarose gel .
The nigﬁation,of t he conpounds is carried out under the effect of an

electricfield (200 mMA - 4 hours). After mgration, the PDG-BB is
transferred O o a&rPViphi-1i23 - begiybreaneover ni gihtardthedvi sGabnzeddy

i munobl ot ti '3Q2?92§ ant.i : i bodj t -
attach anti-i%%gg%g S C%n§§%§E§ﬁfP%§&?§£f%0§% ggepg H pé?%éﬁ%&@&i
vi sual i zed By nearss o fa sty | 5PBFome-Ahehl igt®-Boihdoloyfl 1.0

phosphat e/ niddp biye telhazQl | ufd1adheBRSH- B DMEBSY0008phe% .  The
mgrates to the anode. Its , ,

15 benzylamine 1s grafted onto the acids of this polymer
according to a conventional method of couplihg in water
in the presence of a water-soluble carbodiimide. The
degree of substitution, 1in terms of benzylamine per
saccharide unit, is 0.4, determined by *H NMR. This

20 polymer is then sulphated with an SO3/pyridine complex.
The degree of substitution, in terms of sulphate per

saccharide unit, is 0.3.

Preparation of the PDGF-BB/DMCBSu complex

25
10 pl of a solution of PDGF-BB at 0.1 mg/ml is added to
90 pl of a solution of DMCBSu at 50 mg/ml. The PDGF-BB
and DMCBSu solutions are buffered at pH 7.4 and
300 mOsm. This solution is gently stirred for two hours

30 at ambient temperature and then stored at 4°C.

Demonstration of the formation of a PDGF-BB/DMCBSu

complex

35 10 pl of the solution of the PDGF-BB/DMCBSu complex
described above 1is loaded onto an agarose gel. The
migration of the compounds is carried out under the
effect of an electric field (200 mA - 4 hours). After
migration, the PDGF-BB 1is transferred onto a PVDF



negative charge can be explained by the fact that it 10 has a
conposi tion nuch nore rich in DMCBSu than in PDG-BB. The control,
consisting only of PDGF- BB, does not mgrate. Denonstration of

the stabilit ef-ﬂf) the solg{éégﬁlﬁgyt he (EDG:/%SU (‘vg]rgggﬁ‘t%eqj pl %f

a solution o - BB at 7.4 and
sol ution of @ﬁ@uPD@—“OBBADWCBthEorﬁQ%& @tﬂtﬁl#PpQF%cﬂnwé@Oab&ﬁa arce

pl aced on a ghakhng,ench2Q for2A48ih ?agtanmc@nfsefc%meaw ULgt 1AbksE s

centrifugation, the PDG-- BB concentrafion in each of the solutions is
eval uat ed byC@BRlPageC | HREppRAFXi Raget he/ oiileatt Pon BE2PDGRIBRA

in sol utison sﬂbghga@@se (GF-Hriten PRECBR/ HIMBIh Lanpl exphaspAdte/nitro
changed, wh %hgt of125 §he sol uti on of PDG-- BB ?one has
decr eased. Tat76R-0F™ he protection of PDGF-BB agai nst trypsin

in this PDGF BB/DIVCBSu conplex 30 10 pl of the solution of the

PCDF- BB/ o e ﬁﬁr ed ?B%g a nt 0
sol ution of ypglgﬁ aé ? }é/é% kﬁ%%g% sarrpl ghlgs afn Ken e\TliéF’y
30 minutes MQ%V@SC@@W@@W@JM or cﬁXEP]DGFnEBB by méesufedtbycrEt sat
af ter hayi ng, $¢ oppedofy esgra&}sﬁatm&cme%ﬁ;feonr%adpmw& Phad in
solution of 1ndole at 10 24 - conpletely degraded
30, whereas tPFi5 B&- nbpet Iﬁ?@“(?é%rl Fahel Foa BRrbXCBSU E%:[&]%T%B(I. doeS
Val i dation ofot heidiod®gi cal activity of the PDGF5 BB/ DMCBSu conpl ex
A primary culture of human dernmal fibroblasts (Human

Demonstration of the stability of the solution of the

15 PDGF/DMCBSu complex

10 pl of a solution of PDGF-BB at 0.01 mg/ml at pH 7.4
and 10 pl of the solution of the PDGF-BB/DMCBSu complex
at pH 7.4 described above are placed on a shaking bench
20 for 48 h at ambient temperature. After centrifugation,
the PDGF-BB concentration in each of the solutions is
evaluated by SDS-Page. It appears that the
concentration of PDGF-BB in solution in the case of the
PDGF-BB/DMCBSu complex has not changed, whereas that of
25 the solution of PDGF-BB alone has decreased.

Demonstration of the protection of PDGF-BB against
trypsin in this PDGF-BB/DMCBSu complex

30 10 nl of the solution of the PGDF-BB/DMCBSu complex
described above are poured into 90 pl of a solution of

trypsin at 10 ng/ml at 37°C.

A 10 pl sample is taken every 30 minutes and the

35 concentration of PDGF-BB is measured by Elisa after
having stopped the enzymatic reaction by adding 10 pl
of a solution of indole at 10 pg/ml.

These kinetics reveal that the PDGF-BB alone 1is



Dermal Fi broblast adult (HDFa)) is realized at a tenperature of 37C
in aMEM nediumw th 10% of foetal 10 gaﬂ1 serum (FCS) and 1% of
penicillin-streptomycin in an atnosphere saturated with humdity and

enriched in 9 iumj s, r d dj LO f. t.he I
suspensi on i f %g?ﬁ%ﬁ Egglrigg%g mﬁ{ ?rJgr ?'o “s'g%%(%!% gthqg Iegnsri&?l%‘/ 5 ©
5000 cel | s/ wehpef bn tbapBRGENAREPMCBEYr cemphelat ch of cells, the

PDGF- BB- st abi li zing effect by neans of the conplex of various

concentrations_was 20 verified by incorporation of tritiated

t hyni di ne (569bi¢atierwerf iwqoélalﬁgwﬁler agitiNditanaP If okhe4 RBEFS,
the fibrgbl asggpacesstésmbaéed by the addition of PDG--B, at various
concentrations ranging from0.1 to 100 ng/m, in the absence or
presence of the 25 anphiphilic polymer, at a concentration of 1

pg/ M. The tai tirdieadyt hywi dhhe iofconmpesat idernssl caibiredlaut s18(houss

after the stimulation wth P -BB in t resence or_ absence of, the
conpl ex, by the addi }%%O%%asgps:o (EF;Lgn ZEDEB?EO M rie.ag.lzda. at a
pCi /wel | . Thee®@eradioactfvidty O sir eedhlér e dimnc ouinth ng0%i alfs, fodieal

wells arg ri j 1 of 100, f\'aﬁéll e _radi ivisty j
count edﬁgftec?gt eg%%gllnt io(%r?@c;f %n%ﬂ qé’mjsci tl?Fg_%I&gﬁ f&'?%ieg%%é:y\r%g%rig
Anal ytic), o aAtBOEBRAALEC sedutadred 3%itipe hpadglity obrdi ragighed in
P Tara T At shas Bea Li " R TSI D 1
ritiate m di ne i ncor porate e fibrohlasts (i'n_Dpm x i's
expressed ag%qmi%ﬁ GF’et Hée]éon%%ﬁ??%ﬂ% éf* Poxs- gglture medium

was then realized in order to seed the culture dishes
15 at a density of 5000 cells/well for 96-well plates (the

company Nunc) .

For each batch of cells, the PDGF-BB-stabilizing effect
by means of the complex of various concentrations was
20 verified by incorporation of tritiated thymidine (5000
cells/well in 100 pl). After withdrawal for 24 hours,
the fibroblasts are stimulated by the addition of
PDGF-B, at various concentrations ranging from 0.1 to
100 ng/ml, in the absence or presence of the
25 amphiphilic polymer, at a concentration of 1 pg/ml. The
tritiated thymidine incorporation is carried out 18
hours after the stimulation with PDGF-BB in the
presence or absence of the complex, by the addition of
a solution at 50 pCi/ml, i.e. 0.5 pCi/well. The
30 radioactivity is recovered in counting vials, the wells
are rinsed with 100 pl of 100 mM NaOH and the
radioactivity is counted after the addition of 1 ml of

scintillation fluid (Zinsser Analytic), on an automatic

counter.

35
The results obtained are represented in the attached

Figure 1, in which the amount of tritiated thymidine
incorporated by the fibroblasts (in Dpm X 10°) is

expressed as a function of the concentration of PDGF-BB



- 25 - inug/m. The solid-line curve represents the results of the
conpl ex according to the invention at a.,concentration 5 of 1 ug/nl in
ternms of dextran derivative, and the aaéﬁea l'ine curve represents the
results in t?g ?H§ﬁvce of the dextran derivative. The ED50
corresponds e concentration of PDGF-BB so 10 as to have 50%
proliferation of the human fibroblasts. The ratio Ris the ratio of

the ED50 val pgs, §§if&'lfl£§9 asu {0k | g5 rRén &w%@%s@‘f&% . the

(PDG--BB + DMCBSu) 15 These results show t when the
used al one, ‘F‘?mPJseﬁe@é‘éf%YW“tgo tRethepgiien hgrofti o@@l@@elﬂbréb%mn

50% prol isf ergt i on,ugyher eas, waemst h@f Pf&cxﬁE’aﬂ S eONRIAXeE W BRGA the
dextran derlgatlvg gf formul a % é [mL are suff|C|ent to
attain 50% tHencU{Ket AF f€§§8tst & HGOURS stiegelad @psance

Exanpl e 2: FKI}%EEVa&&ﬂf@@N@ee@vthXeZS Synt hesi s of carboxynet hyl
dextran nodified with tryptophan nethyl ester (DMCTrpOMe) The

anphi philic polynmer is synthesized froma carboxynethyl dextran
havi ng a deditee BP5Qubstiréaponds 80 ithet eoms epft redaribbox ynethytF &8 so

saccharige unity,o abed sRd (an, Aver Age 5?9' 8F WRES 1 0f,40 Pjgg @A@%ts

The tryptophan met hyl "ester s graft d onto the acids of i S pol yner
accordi ng t§33306®¥h®t30halth@tﬁéal@fOéOQMQ i S0n MadtuEs i rcabheulated
presence of g walersweol uble 35 carbodiimde. The degree of
substitution, in ternms of tryptophan per saccharide unit, is 0.3
determ ned by IH NVR

R = ED50 (PDGF-BB)/ED50 (PDGF-BB + DMCBSu)

15
These results show that, when the PDGF-BB is used
alone, it is necessary to use 6 pg/ml thereof in order
to obtain 50% proliferation, whereas, when the PDGF-BB
is complexed with a dextran derivative of formula (I),
20 2 pg/ml are sufficient to attain 50% proliferation. In

this case, the ratio R is equal to 3.
Example 2: PDGF-BB/DMCTrpOMe complex

25 Synthesis of carboxymethyl dextran modified with
tryptophan methyl ester (DMCTrpOMe)

The amphiphilic polymer is synthesized from a
carboxymethyl dextran having a degree of substitution,

30 in terms of carboxymethyl per saccharide unit, of 1.0
and an average molar mass of 40 000 g/mol. The
tryptophan methyl ester is grafted onto the acids of
this polymer according to a conventional method of
coupling in water in the presence of a water-soluble

35 carbodiimide. The degree of substitution, in terms of
tryptophan per saccharide unit, 1is 0.3 determined by
'H NMR.

Preparation of the PDGF-BB/DMCTrpOMe complex



Preparation of the PDG-- BB/ DMCTr pOMe conplex - 26 - 10 pl of a
solution of PDG--BB at 0.1 ng/m is addg% to 90 pl of a solution of
DMCTr pOMe at 50 ng/m . The PDG-- BB and rpOMe solutions are
buffered at pH 7.4 and 5 300 nOsm This solution is gently stirred
for two hours at anbient tenperature and then stored at 4C
Denonstrati ohOofilt hé Eo&m&ﬂﬁﬁ@nﬁOﬁiHH&EZE&yimKHTpom@/mbnpbe&dded1®o

| f th t f at ib
pl of the sobytjen,@ %S)l%@% forwzg%g%%m | & 19 ?rﬁi' @Hea%&%-

are | oaded onto an a el oreS|
i mrunol ogi caBBvigdal T eTﬁ@1é§#ﬁ6§nd§*hr%Uﬁfgfaﬂe@tunﬁér7{ﬁeand

ef fect ofs anzgbegdsinc PRiki abd ut20@ MR géﬁﬂ!&”é@lrfg&efoﬂ1QﬁéthQHrs
the PDG--BB is transferred onto a PVDE menbrane overnlgu and then

vi sual i zed b§ti #RonBBF ot EFRGIMERSgBRE SRER- PESESEB 4N fodi es, to
which will attach anti-goat 1gG secondary anti bodies coupled to

per oxi dase, evea

neansof asubs ?%?%?grﬁfxﬂﬁ REehfF 0 B8REGI1 BhodhnaY T nRBf B bT GROMe
t et razol i un comihke DG BB/ DMCTr pOMe conpl ex m grates towards the
anode. ht;s negative charge can be explained by the fact 25 that its

conposi tion is much richer in DMCTrpOMe than in PDG--BB. The contro
consi sting ol yibf oPDEREBE 0 ldeisPho? f niteatbt®GE - BB/ ISt Conp bEx

the stabilityeofyiheq PRGEBBLDMCHROMR 30hGPMRheXgarose gel for gel
' electrophoresis with immunological visualization. The
compounds are migrated under the effect of an electric

15 field (200 mA - 4 hours). After migration, the PDGF-BB

is transferred onto a PVDF membrane overnight, and then

visualized by immunoblotting with goat anti-PGDF-BB
antibodies, to which will attach anti-goat IgG

secondary antibodies coupled to peroxidase, revealed by

20 means of a substrate (5-bromo-4-chloro-3-indolyl

phosphate/nitro blue tetrazolium).

The PDGF-BB/DMCTrpOMe complex migrates towards the
anode. Its negative charge can be explained by the fact
25 that its composition is much richer in DMCTrpOMe than
in PDGF-BB. The control, consisting only of PDGF-BB,

does not migrate.

Demonstration of the stability of the PDGF-BB/DMCTrpOMe

30 complex

10 nl of a solution of PDGF-BB at 0.01 mg/ml at pH 7.4
and 10 pl of the solution of the PDGF-BB/DMCTrpOMe
complex at pH 7.4 described above are placed on a
35 shaking bench for 48 h at ambient temperature. The
concentration of PDGF-BB in each of the solutions is
evaluated by SDS-Page. It appears that the
concentration of PDGF-BB in solution in the case of the

PDGF-BB/DMCTrpOMe complex has not changed, whereas that



10 pl of a solution of PDGF-BB at 0.01 ng/m at pH 7.4 and 10 pl of
the solution of the PDG- BB/ DMCTr pOMe cggpLex at pH 7.4 descri bed
above are placed on a 35 shaking bench r 48 h at anbient

t enper at ur e. ng?%gggegﬁ?gklgg eh PG %@On% %%gﬁd% gggas lutions is

eval uat ed by ears that the "Concent T ation ot PDGF- BB
in solution in the case of the PDGF- BB/ DMCTr pOMe conpl ex has not

changed, \Ahebeﬁéngb%tlonﬂof ozhehe §8£@Etﬁzp OgagDGgDé% %bons has st

decreased. Denonstration of the prot Bction o agai nst ryp5|n
inthis PDGFt:BBpewmnpowbléoﬁBGEXBe/WCEIrp@Met Femgdieat i on of the
PDG-- BB/ DMCTr pOMe conpl ex descri bed above are i ncubated with 90 pl of

a solution of tr¥p5|n at 10 ng/mM at 37C. E@%es are taken
every 30 mintfedlaRd tHe stebctir@l ofntdgr ik Rﬁ%ﬁ BR HMAHr mipies- BRIP4 X

eval uat ed bydpetyaseyl apode gele ei:&mw@@éwrestﬁ 080g1Page)a atbehition
havi ng st oppe he enzynat ctio 0 a solu

of indole at®10 ﬁﬁ?ﬁ%n %g 4ﬁe 9 H 2% revég?‘%ha.aW$L % Ren
alone is conw?etplﬁOdegrmmkﬁbl|anﬁ mu&e sWhemewxaﬂhlsntegnmtythﬁfcahe

;8 ggﬁthe3|s§$¢§2%%gﬁg?%ﬁcg oxynE%hylce ﬁulos %gglgyggﬁgdgonplsél

benzyl am ne %Iﬁ%IﬁQQth@Seﬁph(%ﬁ$f?@g©bly@ﬁters Bywnihegsi gedrpedm ahe
car boxy- 25 é@i;{%&@f&' W-ase iRAVI BY. aadi@ﬂ{fel@f pSubsEi tt ee@utllant 6 fs

of carboxyne per saccharlde uni t 2 and an average nol ar
mass of 30 e”%@ﬁ%ylan1ne is grafted onto the acids of
this pol yner accordlng to a conventional nethod of coupling in water
in the 15 These kinetics reveal that the PDGF-BB alone is
completely degraded in 1 h 30, whereas this is not the

case in the PDGF-BB/DMCTrpOMe complex.

Example 3: PDGF-BB/CMCBSu complex

20
Synthesis of sulphated carboxymethylcellulose modified
with benzylamine (CMCBSu)

The amphiphilic polymer is synthesized from a carboxy-
25 methylcellulose having a degree of substitution, in
terms of carboxymethyl per saccharide unit, of 1.2 and
an average molar mass of 30 000 g/mol. The benzylamine
is grafted onto the acids of this polymer according to
a conventional method of coupling in water in the
30 presence of a water-soluble carbodiimide. The degree of
.substitution, in terms of Dbenzylamine per saccharide
unit, is 0.2 determined by 'H NMR. The sulphation is
carried out in the presence of an SO3-pyridine complex,

the degree of substitution, in terms of sulphate, is

35 0.30.

Preparation of the PDGF-BB/CMCBSu complex

10 pl of a solution of PDGF-BB at 0.1 mg/ml is added to



30 presence of a water-soluble carbodiimde. The degree of
substitution, in terms of benzylam ne_pgg saccharide unit, is 0.2
determ ned by 1F1 NVMR The sul phation isS carried out in the presence

of an S03- pyrindi,ne I egre substint ution, | e 0
sul phate, i s%SB%BO@gEe%léﬁﬂ%r{po ftﬁg%ngéJ:?BEPOkh/gé%ﬂ 'coﬁn% e%%EO%g
- 90 pl of angol MEHPLf TMCE NS0 AfEnl bufherPOGF-BB apd CMEBSgnd

sol utions aregobufbefned rat sPHod A idRd B0QHBIY Il 5r&Q! HbL0RybShours
gently stirred for twd hours at anbient tenperature and then stored
at 4C. 5 DenBhsBlAtFBhR SFTPRESFHERRENEN tHE a SEBEEBBIICNMCESU conpl ex
10 pl of ghe solution of the PDG-- BB/ CMCBSu conpl ex 10 descri bed

above are | oaded ont o, an _agar.os el .for gel electroph i ]

i munol ogi caﬁeW?EﬁgF?Eé?PoanThgh onpBlAAE 8Pe R grat egf’ﬁﬁagﬁ%’ﬁg%u
effect of ancehptéxric field (200 mA - 4 hours). After mgration, the
PDGF-BB is transferred onto a PVDF nenbrane overnight, and then 15

vi sual i zed by i mmunoblotting with goat anti-PDG-- BB anti bodies, to
which will atfagh anfii t§eat so§E sevcomdar yrhant PBGH-88/EHGPISed tompiRPx

per oxi dasgge, M%§H§lﬂ)é§dag)ﬂv@e%&% qfoa%}ewtr)gﬁﬁ@tsnﬁglar rg{éég&;h'pasﬁ-&él

i ndol y1 phosphate/nitro blue tetrazoliu 20 The P

conpl ex ni grat @St ¥INRPHSS E fe v&rﬁueimﬁmglﬁ)@gé;ﬁlvevéﬁaﬁééZél_éﬁone The
expl ai ned bycéhsohags hbhat nilggaGeAPasiddOnths BHEBCET Feran Ne MEBSUC
than in PDGI;EB. Jh? § ntrol, Cg{]SI sting gnl%/ of PDGE- BB, does_not 25
mgrate. Denbhtfaffbh Bf thé StABT) t yAbFSt nBLEBAEL8E) uF P Rx
30 10 pl of &ssotatsbaroéd PECEeBB avDB. dnibvghnle atveuhhighk anchd Otlpdn
of the se@lutjon of. PDGH- BB/ G\/O%u conpl ex..at pH 7.4 desc_r'[pqeg_
above arﬁg pI%%%‘éao%%éggshéki nlg enc Cf%t%l tha%] an%olae%t "%ne%eﬂr)a urPéB
After centridngitodigst he tooncehichti onilof PBGE2BB | napachgohtt helgG
sol uti Ohs 353é<§or?t¥£r_l§1at %%t@bo%%%fag%ohblgﬁpeaﬁé thagpt h%eroxidase,
' visualized by means of a substrate (5-bromo-4-chloro-3-
indolyl phosphate/nitro blue tetrazolium).
20

The PDGF-BB/CMCBSu complex migrates towards the anode.

This negative charge can be explained by the fact that

its composition is much richer in CMCBSu than in PDGF-

BB. The control, consisting only of PDGF-BB, does not

25 migrate.

Demonstration of the stability of the PDGF-BB/CMCBSu

complex

30 10 pl of a solution of PDGF-BB at 0.01 mg/ml at pH 7.4
and 10 pl of the solution of the PDGF-BB/CMCBSu complex
at pH 7.4 described above are placed on a shaking bench
for 48 h at ambient temperature. After centrifugation,
the concentration of PDGF-BB in each of the solutions

35 is evaluated by SDS-Page. It appears that the
concentration of PDGF-BB in solution in the case of the
PDGF-BB/CMCBSu complex does not change, whereas that of
the solution of PDGF-BB alone has decreased.



concentration of PDGF-BB in solution in the case of the - 29 -
Denonstration of the protection of the PDGF-BB against trypsin in

t hi s PDGF- BB/ CMCBSu conpl ex 10 pl of fhé%sal ution of the
PDG-- BB/ CMCBSuU conpl ex .5 descri bed abpve, are incuhate i.th 90 pl of
ool U1 on oD STPYRLF AP MGl H BEOSIELIE0 it doipl athraR aeginst
every 30 m ntitrgpsand ihhehssr POGE-BIB /ICMCBFHU topmpfl eshe PDGF-BB i s

eval uated by pol yacryl am de gel el ectrophoresis (SDS-Page) after

havi ng stopped the 10 enzymatic reaction by adding 10 pl of a
solution of iLAdple @f IhepghnilutionThefe KinePDEF-BE/EMCRIvat cohplex

PDG-- BB &l ong_LS -G I I h ergas. 4 his_j

the 15 case (5t POCE Hh VRS Corsl s &oiht o Gaanal & 170 T1Eebn
PDGF- BB/ CMCBCéofiplERin at $Pntledils adf Tarboxyhethysaeples ogee taken
nodi fied w t By20ybestzyhanines ( GMeB) t118e AMRiRdll CiRELYPBE I S the
synt hesi zed from a_carboxy- nethyl cel|ul ose having a degree of
substituti onPPFR-BBr ms b1~ cary@®IHREIH péY sacEﬁgViaEFéY Algdeof 1991
and 25 an avelagerspharesass 0§D80r8GE) 9/ abter Theabengyl agbpgetis the
gr afted&_?)nto t he a,gids of tth.i S pﬁl yrreci accorlg)i r}g to_.a convgngﬁi,onal £
met hod cofPFYAgETh W& t RE prddbiide 10F i wafer? sGPabitdCn ©
car bodi i m deindbkedagre@ p§/substitution, in terns of benzyl am ne per

saccharide 30 unit, is 0.2 determi ned by 1H NVR Preparation of the

PDG=- BB/ CMCB conpl ex 10 pl of a solution of PDG-BB at 0.1 ng/m are
added These kinetics reveal that the PDGF-BB alone is

completely degraded in 1 h 30, whereas this is not the
15 case in the PDGF-BB/CMCBSu complex.

Counter example 1: PDGF-BB/CMCB complex

Synthesis of carboxymethylcellulose modified with
20 benzylamine (CMCB)

The amphiphilic polymer is synthesized from a carboxy-
methylcellulose having a degree of substitution, in

~ terms of carboxymethyl per saccharide unit, of 1.2 and
25 an average molar mass of 30 000 g/mol. The benzylamine
is grafted onto the acids of this polymer according to

a conventional method of coupling in water in the
presence of a water-soluble carbodiimide. The degree of
substitution, in terms of benzylamine per saccharide

30 unit, is 0.2 determined by 'H NMR.
Preparation of the PDGF-BB/CMCB complex

10 ul of a solution of PDGF-BB at 0.1 mg/ml are added
35 to 90 pl of a solution of CMCB at 50 mg/ml. The PDGEF-BB
CMCB solutions are buffered at pH 7.4 and 300 mOsm.
This solution 1is gently stirred for two hours at

ambient temperature and then stored at 4°C.



35 to 90 pl of a solution of CMCB at 50 ng/m. The PDGF- BB CMCB
solutions are buffered at pH 7-4 and 30Qmsm This solution is
gently stirred for two hours at anbi ent tenperature and then stored

at 4C. - ti of of P
conpl ex 10 pPemlppt%E‘efggg:bﬂltl gﬂf oft%{ %%%:%%E%HCO%’& g)kg: des ri gd

above are | 088B816Kt 0 an agarose gel for gel el ectrophoresis wth
i mmunol ogi cal visualization. The conpounds are m grated under the
effect of an_electric field (200 mA - 4 hours). After nigration, the
PDGF-BB i s tt3nkferPéd bhto éoﬁQVBFoﬁenBifanEthePH?Eﬁ?B/§ Bt h&RMPd ex

visual i zed byekawupebl abbivieg amd hl goaadd aﬁhtoP@a:a%%xafﬁé i esort %El
which w | secondary anti bodi es dtoH

per oxi dase, ‘?/iftgﬁ FPQéar ﬁlﬁea‘%JsGt MQ%C@ Vt}rs -agﬂloc?r'o- 3he
i ndol y1 phospbapeindsr arbl magmumohmdmj thb Elﬁe‘dtsuaﬁizzat bmécdees
not show any at t he a Ly t Nopgy

pol yner. The?gé%& %ggn%o fo4r %ogpof EL\’%g'r%pl ex et \Ajboenr{ t{h Faﬁg
t he PDGF- BB.1s-tgansferpeNBontPhysiEYalE W@mmmmmw}stab&e@ then

wat er - SQIOUbI\glsuallQé@hi@Pi Iiﬁn@%yﬂsﬁtf% &9{@& O%%afhagﬁe;%béﬁdshn

S5that: the anphiphilic pol yners consi st ic polyneric
backbone furtfbredioed witth hyarléb\hobwzel%ubsémtﬁréhtsa@ﬁd “Wpartophi¥Fc

groups accorgbd@nd®ryhe antibodies coupled to HRP peroxidase,
) visualized by means of a substrate (5-bromo-4-chloro-3-
indolyl phosphate/nitro blue tetrazolium).
15
The visualization does not show any migratioh of the
PDGF-BB alone with the amphiphilic polymer. There has
been no formation of complex between the CMCB and the
PDGF-BB.



10 follow ng general fornula: DP = m nononer units R and R being
a bond or a chain conprising 15 between # and 18 carbons, optionally
branched and/ or unsaturat ed conprising 8 e or nore heteroatons, such
as 0, N and/or S, Eg being identical to or

different from 20one another, F and elng an ester, a thioester,
an am de, a carbonate, a carbamate, an ether,a thioether, an am ne, 25

F and F' Dbeing 'd@H&b§@51§9 Oén@'féﬁgﬁﬂgaff 'né%%%l%nOtQQEer soluble,

X being a hydrophilic group that ma - a carboxylate a .
sul phate a 3WPPABRALEC - PRAymery Ppﬁ/fo%phap@plex/ characterized in
5 that:

the amphiphilic polymers consist of a hydrophilic
polymeric backbone functionalized with  hydrophobic
substituents and hydrophilic groups according to the

10 following general formula:

Pohnner DP = m monomer units

[t b r 1.3

Y

F! Y

i | v

R R'

sIg:

] X,
. Ah L X

¢ R and R’ being a bond or a chain comprising
15 between 1 and 18 carbons, optionally branched
and/or unsaturated comprising one or more

heteroatoms, such as O, N and/or S,

R and R’ being identical to or different from

20 one another,

¢ F and F’ being an ester, a thioester, an amide,
a carbonate, a carbamate, an ether, a

thioether, an amine,

25
F and F’ being identical to or different from
one another,
e X being a hydrophilic group that may be:
30 e a carboxylate

o

a sulphate

Q

a sulphonate



a phosphonat e, Y being a hydrophilic group that may be:
5. a sulphate a sulphonate a phosphatg, a phosphonate, 10 Hy being
a hydrophobic group that may be: a C8 to C30 linear or branched

al kyl, optionally unsatupategdnard/ or containing one or nore

het er oat ons, such as O, or S, a C8to d8 linear or
branched al kyl aryl or E5EPYERIMAEpti onal |y unsat ur at edand/ or
optionally containing a heteroatom an optionally unsaturated

C8 to C30 polycycle, ,n,and o _are bet n 1 and 3, 20 h represents the
mol ar fraction of *hydr B5ABHi & GNE° gﬁiﬂ?vgrﬁﬁpétﬁﬁﬁoﬂﬁﬁﬁ Unit of
between (. 01 and 0.5, a sulpheepresents the nolar fraction of
hydrophilic groups 25 re i to_a nononeric unit, of between 0 and
2.0, y represents the ﬁn%gapgggggFon of hydrophilic groups relative
to a nononeric unit, °of bbowpebate and 0.5; 30 -the PDGF is chosen

fromthe group of PDGF§ phosphonate,

10 e Hy being a hydrophobic group that may be:
°a Cg to C3 linear or branched alkyl,
optionally unsaturated and/or containing one
or more heteroatoms, such as 0O, N or S,
e a Cg to Cy3 linear or branched alkylaryl or
15 arylalkyl, optionally unsaturated and/or
optionally containing a heteroatom;
o an optionally unsaturated Cg to Czp polycycle,

n and o are between 1 and 3,

20
h represents the molar fraction of hydrophobic unit

relative to a monomeric unit of between 0.01 and 0.5,

x represents the molar fraction of hydrophilic groups

25 relative to a monomeric unit, of between 0 and 2.0,

y represents the molar fraction of hydrophilic groups

relative to a monomeric unit, of between 0 and 0.5;

30 - the PDGF 1is chosen from the group of PDGFs
(platelet-derived growth factors).

2. Complex according to Claim 1, characterized in
that the PDGF is chosen from the group consisting of

35 human recombinant PDGFs containing two B chains

(rhPDGF-BB) .

3. Complex according to either one of the preceding

claims, characterized in that the polymer is chosen



(platelet-derived growmh factors). 2.Conplex according to daiml,
characterized in that the PDG- is cho gn_fron1the group consi sting
of 35 human reconbi nant PDGFs containing two B chains (rhPDG~-BB). -

33 - fromp i i uhstit ; i stribuyt .
andort y. 4" GhuT By LaRESRa g g Shater Hrar w16t shEendt Sk ribrsed
in that the pahgemdyi.s chosen from pol ysaccharides. 5 . Conpl ex
according to Claim4, characterized in that the pol ysaccharides are
chosen fromthe group consisting of hyal uronans, al ginates,

chi tosans, gal acturonans, chondroitin sul phate, dextrans and

cellul oses. 6. Conplex according to Claim®6, characterized in that..
the group of celluloses consists of celluloses functionalized with

aci ds, such as carboxynethylcellulose. 1 . Conplex according to Caim
5, characterized in that the group of dextrans consists of dextrans
functionalized with acids, such as carboxynet hyl

N

4. Complex according to one of Claims 1 to 3,

characterized 1in that the polymer 1s chosen from

polysaccharides.

5 . Complex according to Claim 4, characterized in
that the polysaccharides are chosen from the group
consisting of hyaluronans, alginates, chitosans,

galacturonans, chondroitin sulphate, dextrans and

celluloses.

6 . Complex according to Claim &, characterized in
that the group of celluloses consists of celluloses
functionalized with acids, such as carboxymethyl-

cellulose.

7 . Complex according to Claim § , characterized in
that the group of dextrans consists of dextrans

functiocnalized with acids, such as carboxymethyl



- 34 - dextran. 8. Conpl ex according to Claim4, characterized in
that the pol ysaccharides are chosen fronrthe group 5 consisting of
hyal uronans, al gi nates and chitosans. - 34 . Conpl ex according
to Claim4, characterized in that the pol ysaccharides are chosen from
t he group coﬁ§¥§Fﬁﬁg of sol ubl e dextran derivatives corresponding 10
to fornmula (1) below DMCaBbSuc(l) in which: D represents a

pol ysaccharide chain, preferably, consjsting of sgries o Iucosrde
units, MC r&bres@ﬁpg 1REt h§FEarBoRy! i £° griotmd® 'ﬁ §§%¥§lze

N- benzyl met hyhgoecanboxadl wea GF10apSde s Sua & Prasius aaﬂc@mattelegr guaap
’(sulphatepn of the free gygro§¥ functroqs borne b h ucosi de
units), ‘a, BORAUSETPEpPESBNE PRETAEGr e8 TEF NEGHSt i & s
respectively, of the groups MC, B and Su, with i) a strrctly greater
f)hg” 0; 11) §1s syghithati 30 §i55e"ed IS greauer than. ok e94aly t9,
. that the polysaccharides are chosen from the group
consisting of soluble dextran derivatives corresponding

10 to formula (I) below:
DMC,BpSuc (I)

in which:
15
- D represents a polysaccharide chain, preferably

consisting of series of glucoside units,

- MC represents methylcarboxylic groups,

20
- B represents N-benzylmethylenecarboxamide groups,

- Su represents sulphate groups (sulphation of the
free hydroxyl functions borne by the glucoside units),

25
- a, b and c represent the degree of substitution

(ds), respectively, of the groups MC, B and Su, with
i) a strictly greater than 0;
ii) b is such that:
30 . either b 1is greater than or equal to 0.3
and c¢ is between 0.1 and 0.5;
or b is strictly less than 0.3 and c
corresponds to equation (1) below:

35 c>8.5b° - 5.41 Db + 0.86 (1) .

10. Complex according to any one of the preceding
claims, characterized in that the hydrophobic group Hy

is chosen from the group consisting of fatty acids,



and ¢ is between 0.1 and 0.5; or b is strictly less than 0.3 and ¢
corresponds to equation (1) below. 35c > 8.5 b2 - 5.41 b + 0.86(1).
10. Conpl ex according to any one of the3preceding clains,
characterized in that the hydrophobic group Hy is chosen fromthe
group consi stRhfYof fdiadiodd ds, fatBy . amines,  benzyl  amines,

fattyal cohol sphbattyarbnegecbenaylagisnesd phelestserol derivatives and
phenol s. 11. Conpl ex according to any one of the preceding 5
clainms, characterized in that the formation of the anphiphilic

pol yn~fer- PDG:wongd:empnsxr ea{@diéj:@lﬁgh td2.arfGpnrex agcordiengplrecany ng.
one of the preceding clains, characteriz in_that .i.t passes, the
Cests for 10 GEnbher TBHC T hokhdm Cai arlibhy fsal SrRath o, £hS
13. Conpl ex awprdhhyitopCl ginar 1RPGEharapilexi Zed riewetrsafoltehe t ests
for denonstration of the chem cal and 15 physical stabilization are

chosen fromthe group consisting of the test for denonstration of the
conpl ex (Gbll%bbi¢¢leQMifQC¢%@%y99 the teest foore slodwi hedomneetding

enzymatic degradal] ophhyaBEeRgiLRG i Y 0rFQRt 3Gt Mith. 8 phHEt 8ase andor
the test for physical stabilization 20 at physiological pH carried

out by $Bs- FiRjeOnshBat TRl exPlaccortdiehg t 61&AY Coe of affle prietEaifgl

clainms, charaederi zeg-isont hat the PDG/ anphiphilic polyner ratio is
between 1/5 and 1/5000. 25

12. Complex according to Claim 2, characterized in

that the tests for demonstration of the chemical and

15 physical stabilization are chosen from the group

consisting of the test for demonstration of the complex

(Gel Mobility Shift Assay), the test for slowing down

of the enzymatic degradation by bringing into contact

with a protease and the test for physical stabilization

20 at physiological pH carried out by SDS-Page.

14. Complex according to any one of the preceding
claims, <characterized in that the PDGF/amphiphilic
polymer ratio is between 1/5 and 1/5000.

25
I5. Complex according to any one of the preceding
claims, characterized in that the PDGF/amphiphilic
polymer ratio is between 1/100 and 1/5000.

30 {g. Complex according to any one of the preceding

claims, <characterized in that the PDGF/amphiphilic
polymer ratio is between 1/300 and 1/700.

\7. Method of preparing the amphiphilic polymer/PDGF
35 complex according to any one of the preceding claims,
characterized in that this polymer/PDGF-BB complex 1is
prepared in, aqueous media and in the absence of any

organic solvent that may denature the protein.



15. Conpl ex according to any one of the preceding clains,
characterized in that the PDGF/ anphi philic polynmer ratio is between
1/ 100 and 1/5000. 30 16. Conpl ex accordiBfg~to any one of the

pr ecedi ng cliiéms, characterized in that the PDG-/ anphiphilic EOl mer
ratio i s betwBen TPSOOPSHELIE ARFPITL MR ThodCBRIPFERALZRE tife that it
anphi phi li c pehyaeELBDEN 3peameliax AGSr Hhidg- PocRANYoaPEeef abherding
precedi ng cl Ei ns, char a&%e?;zed i E I;Chai_(t hi s pol ynmer/ PDGF- BB conpl ex
is prepared IR 3G¥eBl§ Redra®afid i'n*thé' absence of any organic
solvent that may denature the protein. - 36 - O Therapeutic
conposi tion,. char i LN [ ri . iphiki ;
pol ynmer - Fr}DGF“gbrrp gég%aééggfi%ng£$%£8%§tg§gpo%é‘é§5?%ggp?8pl ?ﬁaﬁm 151,
5Ther apeut i cchanposérioadacicor dhag tiot CRailwwisS, aih@dadingrstzedt dan t bat
it allows anl@fnﬁngi ﬁggaﬁliogfof,])égp pg per m of PDG-. 20. Use of an
anphi philic polyner-PDG& conplex 10 according to any one of Clains 1
to it for the preparation of a therapeutic conposition with healing
action, for zse imséhe ¢ eatpent appnubeenscby bepigak-appki catbRpiekd
21. Methad of therapeutic treatnent for huyman or _veterinary use,

char act éPi zeRFFPFEHAT i §0 cHY st n HdmiHiedfsr i dg, 8t the siPL ofhe
treat ment, goidedapeldncCotomposhkirapetaipr i Sbmgoant aophiwdhit i Bealing

pol ymer - PDGF, compl excageordi ng, to,any ,one @9 8k Mutelt® 1y topical

application.

15 29. Method of therapeutic treatment for human or
veterinary use, characterized in that it consists in
administering, at the site of treatment, a therapeutic
composition comprising an amphiphilic polymer-PDGF

complex according to any one of Claims 1 to IT.



